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Problem:  How  can  we  characterize  the 
chemical  byproducts  that  result  from  a 
pyrotechnic  reaction? 


System :  Mk  144  Yellow  Signal  Flare  (YSF) 


Team: 


Dr.  Eric  Miklaszewski 
Dr.  Douglas  Papenmeier 
Matthew  Neiswinger 
Christina  Yamamoto 


Aggrgacjr  Pyrolysis  /  Gas  Chromatography  / 
Mass  Spectrometry  (Py/GC/MS) 


Data:  Mk  144  standard  vs.  new  YSF  formulation 
Individual  ingredients  from  each  formulation 
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Yellow  Signal  Flare  Compositions 


Reformulation  of  the  Mk  144  as  an 
environmentally-benign  composition  that 
still  meets  performance  requirements  with  a 
focus  to  eliminate  perchlorate  oxidizers 


Mk144-Std 

YSF-8 

Mg 

*** 

20.10 

NaN03 

— 

37.00 

Na2C204 

*** 

— 

Ba(N03)2 

*** 

27.05 

KCI04 

*** 

— 

PVC 

— 

10.90 

Asphaltum 

kkk 

— 

Epoxy 

kkk 

4.95 
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What  about  the  byproducts? 


Mg  +  NaN03  +  Na2C204  +  Ba(N03)2  +  KC104  +  PVC  +  Asphaltum  +  Epoxy  = 
MgO  +  MgCl2  +  Na  +  KCl  +  BaCl*  +  BaOH*  +  BaO  +  gases  +  other  byproducts 


Products  of  incomplete  combustion  are  favored  within  “pyrolytic  pockets”,  areas 
characterized  by  poor  micromixing  of  oxygen  and  the  composition  ingredients. 
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37.00 

Na2C204 
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Ba(N03)2 
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Mk  144  formulation 


DISTRIBUTION  STATEMENT  A.  Approved  for  public  release;  distribution  is  unlimited  4 


HARNESSING  THE  POWER  OF  TECHNOLOGY  FOR  THE  WARFIGHTER 


Pyrolysis  (Py) 


warfare  centers 


Pyrolysis  Chamber 

-  CDS  2000  pyroprobe 

-  CDS  8000  preconcentrator 
Inert  He  buffer  gas 

-  GC  compatible 

-  Anaerobic  conditions 


Interlock 


Interface 


Pyrol  probe 

\ 


Pyrolysis  chamber 

Pt  coil  resistivelv  heated 


He  supply 
Pressure  regular 


////M///////^  - 


Transferline 

Si 


— *■ 


GC  interface 


Quartz  fire  tube 


He  (5mL/min) _ 

1.  - 1 

- 

“1“ 

Gold  plated  inter  wall 


“Discrimination  of  bacteria  using  pyrolysis-gas  chromotography-differential  mobility  spectrometry  (Py-GC-DMS)  and  chemometrics’ 
Goodacre  et  al.,  Analyst  134  (2009),  557- 
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Pyrolysis  (Py) 


900  °C 


>RT 


Ho  !5o” 

Time  (sec) 


150 


Quartz  fire  tube 

-  0.2  -  2  mg  of  sample 

-  Quartz  wool  to  seal 

Temperature  ramp 

-  Pt  coil:  20  °C  per  msec 

-  900  °C  held  for  30  sec 


Interlock 


Interface 


Pyrol  probe 

\ 


Pyrolysis  chamber 

Pt  coil  resistively  heated 

i  ji/ih/Ii/iiiiii:  ■  - 


He  supply 
Pressure  regular 


He(5mL/min) 


-►  Transferline 


GC  interface 


Quartz  fire  tube 


— 


Gold  plated  inter  wall 


“Discrimination  of  bacteria  using  pyrolysis-gas  chromotography-differential  mobility  spectrometry  (Py-GC-DMS)  and  chemometrics’ 
Goodacre  et  al.,  Analyst  134  (2009),  557-563. 
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GC/MS 


WARFARE  OERTERS 


Thermo  Finnigan  PolarisQ  Ion  Trap  with  Trace  GC/MS" 
with  a  Zebron  ZB-5MSi  GC  Column 


GC  Transfer 
Line 


Sample 

Inlet 


Mass  Spectrometer 

Gas  Chromatography 

http://www.chromacadennv.com/Electron  Ionization  for  GC-MS  Essential  Guide.html 
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Pyrolytic  Chromatogram 


High  molecular  weight  pyrogram  for  the  AA2  double-base  propellant  composition. 


“Use  of  Pyrolysis  GC/MS  for  Predicting  Emission  Byproducts  from  the  Incineration  of  Double-Base  Propellant” 

Cropek  et  al..  Environ.  Sci.  Technol.  36  (2002),  4346-4351. 
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Intensity  (normalized  to  maximum) 


IMAVSEA 


warfare  centers 


Py/GC/MS:  PVC 
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Intensity  (normalized  to  maximum) 
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Intensity  (normalized  to  maximum) 


Py/GC/MS:  PVC 


•  Pyrolysis  of  PVC  exclusively  yield  cyclic  hydrocarbons 

-  24.3%  benzyl  derivatives  and  75.6%  polycyclic  aromatic  hydrocarbons  (PAH) 

-  1  %  of  all  identified  species  are  chlorinated 
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Intensity  (normalized  to  maximum) 


CRANE 


Py/GC/MS:  Asphaltum 


•  Pyrolysis  of  Asphaltum  also  exclusively  yield  cyclic  hydrocarbons 

-  Powdered  bitumen-impregnated  rock 

-  Highly  complex;  difficult  to  obtain  confident  MS  assignments 

-  Manv  unassianed  peaks  within  the  noisv  chromatoaram 
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Intensity  (normalized  to  maximum) 


Py/GC/MS:  Epon/Versamid 
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Intensity  (normalized  to  maximum) 


Py/GC/MS:  Epon/Versamid 


WARFARE  OERTERS 


•  Pyrolysis  of  Epon/Versamid  yields  PAHs,  phenols,  pyridines,  &  pyrroles 

-  67.8%  benzyl  derivatives  and  31 .2%  polycyclic  aromatic  hydrocarbons  (PAH) 

-  42.3%  hydrocarbons,  53.5%  phenols,  4.7%  nitrogen-containing 


HARNESSING  THE  POWER  OF  TECHNOLOGY  FOR  THE  WARFIGHTER 


Intensity  (normalized  to  sum) 


Py/GC/MS:  Pyro  Compositions 
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concern? 


The  United  States  Environmental  Protection  Agency  (EPA)  has 
designated  32  PAHs  as  Priority  Pollutants 


•  Benzopyrene  -  first  discovered 
chemical  carcinogen 


•  Known  for  their  carcinogenic, 
mutagenic,  and  tartogenic 
properties 

•  Targeted  by  the  EPA  for 
measurement  within 
environmental  samples 


“Determination  of  EPA's  priority  pollutant  polycyclic  aromatic  hydrocarbons  in  drinking  waters  by  solid  phase  extraction-HPLC” 

Bruzzoniti  Cl  al.,  Anal.  Methods  2  (20  1  0).D7STteJi3dSlON  STATEMENT  a.  Approved  for  public  release;  distribution  is  unlimited  16 
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Future  Directions 


•  aerobic  vs  anaerobic  pyrolysis  conditions 

•  effect  of  pyrolysis  temperature  on  specific 
byproducts 


•  application  toward  other  systems 


http://www.dailvmail.co.uk/sport/football/article-2510036/Ash-Wednesdav-Premier-Leaque-launch-campaiqn-combat-use-flares-smoke-bombs.html 
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Intensity  (normalized  to  sum) 


BESgfl  Py/GC/MS:  Pyro  Compositions 
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|  CRANE 

•  Pyrolysis  of  the  PVC-containing  composition  produced  ~2x  the  volatile 
organic  molecules 

-  high  similarity  in  chromatographic  elutions  with  relative  intensity  differences 

-  polyaromatic  hydrocarbons  (PAHs) 
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